•Design of new systems will come from high-tech innovation, which can only come from detailed, analytical understanding of how physics/nature works 
The Mechanical Energy Balance
Where do we get this?
This is the friction due to wall drag (straight pipes) and fittings and valves.
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The Mechanical Energy Balance -Friction Term
The friction has been measured and published in this form:
Straight pipes: 
Fanning Friction Factor
Data are organized in terms of two dimensionless parameters: • It is limited in application:
• It cannot determine flow patterns
• It does not model momentum exchanges
• It cannot be adapted to systems other than those for which it was designed (see list above) 
Momentum . . .
is a vector
Microscopic momentum balance
So we need vector math. We choose coordinate systems for convenience. The flow is a steady upward flow; the length and direction of the vector indicates the velocity at that location.
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Fluid velocity is a vector field
, ,
Vectors -Cartesian coordinate system
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•We do algebra with the basis vectors the same way as with other quantities What is this vector in the usual coordinate system? (we will learn how to get this equation for ; here it is given) Solution: We will be able to do this in this course (Ch4, p257) .
From expression for force due to fluid, obtain:
(in spherical coordinates)
We can do the math from here. Solution: We will be able to do this in this course (Ch4, p257).
From expression for force due to fluid, obtain: 
